The need to change non-renewable raw materials by biomass as an oil substitute has been shown to be a strategic challenge for the 21 st century. Chemicals have the highest potential to add value to a vegetable biomass chain because of the importance of conventional chemical industry and fine chemical chemistry for different sectors of the economy; these compounds may be used as building blocks, intermediaries of synthesis, and specialties. This article deals with the economic potential of the usage of residual biomass as a raw material in chemistry, with a special interest in residues from bioenergetic chains (biodiesel and ethanol). It focus on showing a scenario related to the perspectives and challenges for the development of a Brazilian renewable chemistry, considering that Brazil is one of the largest global producers of agro-industrial biomass for several purposes, especially for bioenergy.
Introduction
Biorefinery and green chemistry are concepts that focus on biomass production in a way that value chains are created similar to those from petroleum derivatives. They imply less impact on the environment and comprise integrated sustainable systems (raw material, process, product and residues), according to technical parameters which take into account, among other aspects, the energy and mass balances, the life cycle analysis, and the application of practical principles to promote best practices for R&D and production processes [1, 2] . There is a great synergy between the biorefineries and green chemistry, mainly regarding to minimization of residues and environmental impacts for the creation of a green economy [3, 4] . Taking a biorefinery based on sugarcane as an example (Fig. 1) , it is possible to integrate, within the same facility, processes leading to the production of biofuel (ethanol), chemical products (sucrochemicals), electricity and heat power.
In a scale of economic valorization ( Fig. 1) , fine chemicals developed from sugarcane are those that have greates potential in adding high value to an agro-industrial chain, because of their strategic participation in the chemical industry which can be used as both inputs and final products for several sectors of the economy, such as petrochemical, pharmaceutical, automotive, construction, agri-business, cosmetics, etc. Biofuels and materials are a second baseline of valorization, followed by energy and bulk chemicals or input chemicals, such as fertilizers and agrochemicals. In Brazil, efforts have been made to evaluate the economic potential of biomass, aiming at the usage of renewable sources to develop a sustainable chemistry. In contrast, we can contrast studies linking possible profits from biomass in bulk chemicals, with the exception of those related to second generation ethanol (2G ethanol) and use of effluents such as vinasse for soil fertilization [6, 7] . It is important to highlight the fact that when it comes to biofuels obtaining profit from residual energetic biomass is paramount to have a reliable productive chain, with environmental and social gains [8] .
The economic scenario for the global market of chemical products involves values of USD 100 billion per year, from which 3 % are related to bio-products, or derivatives of biomass; it is expected that the total participation will increase substantially until 2025 [9] . Such an increase in the demand offers a great number of opportunities for green technologies, as processes for residues usage in biorefineries, but also presents several challenges related to market prices and replacement of non-renewable products. The current participation of renewable materials is around 25 % and is expected to increase to 50 %; current 10 % participation of polymers may reach 20 % [10] .
In this article, we discuss the economic potential from bioenergetic residual biomass to aid in a renewable chemistry construction in Brazil. The aim is to present an outlook based on the main challenges that need to be overcome for their incorporation within the growing Brazilian green economy -education, development of owner technology, ambient for trade and investments, at same time contributing for a more sustainable chemistry.
Residual biomass from bioenergetic chains
Firstly, we need to define residues as surplus materials from a productive process, of low or no economic value. Main residues from the bioenergetic chains are: i) lignocellulosic products (bagasse, straw, fiber, bark, etc.); ii) residual sugars or those with high content of impurities; iii) residual olefins or also those with high content of impurities; iv) other types that are a mixture of the first ones, such as products in oil extraction cake. In this case a few cakes can be directly used, as is the case of soybean. Other ones, such as castor bean and jatropha present toxic compounds, as a ricin and the phorbol esters, which limit their use [11, 12] .
Due to the high plant content of lignin (18-35 % w/w), cellulose (40-50 % w/w) and hemicellulose (10-35 % w/w) [13] , lignocellulosic residues may be considered as one of the most promising sources of industrial raw material. In general, the final evaluation of viability depends on the processing plant as well as factors such as quantity and intensity of the residue production, environmental legislation, cost reduction, among others. These points will be discussed shortly for Brazilian ethanol and biodiesel chains because, as with the petrochemical industry, other usages are very important for the economic establishment of a bioenergetic chain.
Ethanol chain
Brazil produces around 588.5 million tons of sugarcane (Saccharum spp.) for ethanol and sugar production [14] . Around 28 % w/w of the produced biomass is bagasse [15] , which is the main residue with economic potential, followed by straw and vinasse. Table 1 presents these residues and their characteristics.
The bagasse is already frequently used as animal feed and for electricity or bioelectricity production by means of co-generation process. This makes sugarcane companies self-sufficient in electricity power production and use, with the surplus sold to the national grid [16] . The use of bagasse and straw for 2G ethanol production is a theme where there is a large quantity of published papers, but to date there is no commercial production. Furthermore, there are some relevant barriers to be overcome, such as the reduction of enzyme costs and the development of yeast strains which ferment pentose from the hemicellulose polymeric structure [17] . Vinasse has been used for biogas generation as well as fertilizer. In the latter, it is necessary to keep frequent monitoring of its application, due to the high content of ions and organic matter, that may alter the physico-chemical properties of the soil, with the subsequent leaching of ions NO 3 -, PO 4 3-, K + , etc., polluting the groundwater; vinasse has also a great potential to pollute surface water when it is discharged directly in the water bodies [18] .
From the available data we can infer an increase in the amounts of all residues presented in the Table 1 by an increase on the demand of ethanol and sucrose.
Biodiesel chain
In this chain, mainly oleaginous plants are considered, such as soybeans (Glycine max), oil palm (Elaeis guineensis), cotton (Gossypium spp. L.), sunflower (Helianthus annuus), castor bean (Ricinus communis), macauba palm (Acrocomia aculeata), and jatropha (Jatropha curcas). The last two are still under agronomical evaluation. Animal fat is also an important raw material for biodiesel, but it is not taken into account in this review because our main interest here is the vegetable biomass. The biodiesel chain generates large amounts of lignocellulosic residues, which are derived from the crushing and extracting from oil plants. It also produces aqueous effluents. Nowadays, soybean is the main raw material in use, with a total grain production of 81.6 million ton, and a biodiesel production of 2.9 million of m 3 [20] . The potential and usage of its residues are presented in the Table 2 .
As was considered for the ethanol chain, an increase in the production of biodiesel will lead to an increase in the amounts of the residues generated. For both cases, the world expected an increasing in the consumption of biofuels in the near future [21] .
Animal feed may be obtained from the remaining lignocellulosic biomass (bunches, barks, fibers, etc.) after the oil extraction. Furthermore, these residues can be applied for soil recovery, as source of organic matter for an expected improvement of their phisico-chemical properties [22] . The production of polymeric materials is another usage under development, mainly derivatives of the cellulose structure, as nanofibers for several industrial applications [23] . There are efforts to extract toxic compounds from castor bean and jatropha cakes in order to promote their use as a protein source for animal feed [24] . POME (palm oil mill effluent), which is the aqueous effluent of biodiesel production from palm, may be used for biogas production (composed mainly of methane gas) in anaerobic biodigesters [25] . It is also suitable for obtaining biopolymers such as PHA (polyhydroxyalkanoate), through fermentation processes [26] . However, this effluent may present a negative impact on the environment due to high concentrations of P, C, N, among others. It is necessary to treat this properly before discarding in water flows [27] .
Glycerin is the main co-product of biodiesel production. Currently, its use for production of chemical commodities, polymers and antioxidants, has been investigated. It depends on the development and application of chemical catalysts. Glycerin is used in large quantities by the pharmaceutical industry on cosmetic formulations, shampoos and soap bars, and as excipient but, actually, there is a great surplus due to the increase of offering from an increasing in biodiesel production; nearly 100m 3 of biodiesel results in 10m 3 of glycerin (10 % w/w), with an estimation of global production from nearly 20 000 ton/year (current production) up to 40 000 ton/year until 2020 [28] . Glycerin has a high cost of purification when it is destinated to more noble use, as pharmaceutical and cosmetics.
Other chains
Residues from the forest for cellulose and paper production also have to be taken into consideration as a consequence of Brazil's high production of these processed wood products, especially due to liquid effluent (black liquor) and lignocellulosic material. Lignocellulosic residue from forests could be used to produce coal, firewood, pellets, and 2G ethanol [29] , panels and hardboards, and reposition of organic matter in the ground. There are 6.5 million hectares of cultivated forests in Brazil, mainly Eucalyptus (around 70 % of the planted area) and Pinus (around 30 % of the planted area) [30] . These areas produce around 85.6 million tons/year of forest residues [19] ; these residues have a great potential to produce pellets, briquettes, wood materials, syngas, etc. The paper and cellulose industry generates 2.5-2.8 tons of black liquor per ton of cellulose produced, with lignin being the main constituent after water; black liquor, mainly generated by the Kraft process, is one of the main sources of pollution of the global chemical industry, due to the presence of sulphide compounds, organochlorines, dioxins and furans, particles, NOx, among others [31] . These substances may drastically damage the quality of the surface water and the air. It may be a source of lignin, which could be used to generate energy by combustion. However, other more noble uses for the liquor are under development, such as phenolic polymeric resins, from its catalytic cracking [32] .
Strategies for usage
We can note in Fig. 1 that when we refer to a biorefinery, we are meaning technologies and processes applied to convert biomass into five different families of products: energy, bulk chemicals or input chemicals, biofuels, materials, and fine chemicals. Technologies are compiled into various types of processes, which may be chemical, biochemical or thermochemical. Table 3 presents a description of target-products of high added value which can be obtained from residues and bioenergetic co-products using different processes of conversion. Only the building-blocks and final products for industrial use or retail are presented. These were defined according to the characteristics of Table 3 Target-compounds from residues and co-products with high economic potential for a Brazilian renewable chemistry. Brazilian biomass, using data collected from the scientific literature and demands from chemical companies and correlated by means a series of interviews and technical discussions. Despite efforts from institutions like DOE-NREL (US Department of Energy -National Renewable Energy Laboratory) in R&D&I for products and potential routes, the majority of the green compounds that may be obtained from the bioenergetic residues have not reached industrial potential yet. A good example is succinic acid, considered as one of the main opportunities for renewable chemistry due to its great possibility of application as building-block [33] . Unfortunately, there is not yet a consolidated route for its production on an industrial scale, despite the great number of related patents [34] .
Target compound
In this context, it is important to evaluate each molecule according to the Brazilian economic scenario, which can be summarised in two aspects: i) Brazilian chemical industry imports large amount of high value compounds, e.g., building-blocks, intermediates and specialties for chemistry and fine chemistry, not having yet developed a proper technology that may revert this trend -Brazilian chemical industry has a trade deficit of USD 28.1 billion [35] ; ii) the need of intermediates of synthesis, mainly for pharmaco-chemicals, may become more interesting than the search for building-blocks, contrary to what is seen in the international scenario.
From the Table 3 , we can infer the great Brazilian potential for a renewable chemistry, with a large contribution of the biomass residues as a renewable source of raw materials. Figure 2 shows a relationship between bioeconomy and renewable chemistry as a proposal for an innovative design to obtain good results for the usage of biomass residues; the proposal was constructed taking into account propositions from OECD [3] and Philp et al. [4] .
Brazilian particularities
Chemical processes for biomass conversion in Brazil are mainly related to: -Alcoholchemistry or ethanol chemistry; -Sucrochemistry; -Oil chemistry.
As one of the largest worldwide sugarcane and soybean producer, a renewable chemistry based on saccharose (sucrochemistry), ethanol (alcoholchemistry) and vegetable oil (oil chemistry) was developed, with an important economic role. Nowadays, Brazil produces 38.2 million tons of sugar (saccharose), 23.2 thousand m 3 of ethanol (anhydrous and hydrated) [14] ; and 7.1 million tons of soybean oil [20] . Part of this production Relationship between bioeconomy and renewable chemistry as a proposal for an innovative design to obtain economic and environmental results for the usage of biomass residues. Biorefineries can establish a bridge between these two concepts.
is used in the chemical industry to obtain fine chemicals, polymers and specialties [48, 49] . Unfortunately, Brazil had a decrease in its production of renewable chemicals from alcoholchemistry in the last decades, what can be related to petrochemical industries and their most attractive prices [50] . In Table 4 , some examples are shown of green chemicals obtained in Brazil using chemical processes, either in production or still in R&D phase.
In some cases, the price and performance of green chemicals are compared against petrochemicalsethene from petroleum vs. ethene from sugar. This can compromise a market development, because the price of a green chemical is higher than a petrochemical; a typical Brazilian case is the green polyethylene produced by Braskem from sugarcane.
The development of building-blocks and intermediates from catalytic routes, mainly from sucrochemistry, is the object of research nowadays. This is a good opportunity to establish a task force among industries and R&D&I institutions, with examples being the programs created by the São Paulo Research Foundation (FAPESP) [51] , the Funding of Studies and projects (FINEP) [52] , and the Brazilian Development Bank (BNDES) [53] .
As indicated before, the fact that Brazil is a large producer of sugar makes this material the main source of precursors for biochemical processes, with the highlight, without any doubts, the fermentation process. Table 5 shows some examples of green chemicals obtained by biochemical processes, actually in production or still in R&D phase. Furthermore, Brazil can be highlighted in the renewable chemistry scenario by means the production of polyethylene from ethanol by Braskem -this is a green polymer, or green plastic, generally used for bag production [54] .
Generally, for those chemicals obtained from biochemical processes there is not the competition against petrochemicals, as seen for chemical processes. Their prices are relatively lower than those obtained from chemical processes.
Furthermore, synthetic biology has received attention from industry and R&D Brazilian institutions because there is an expectation of costs reduction related to renewable chemicals. Nevertheless, there are challenges in the fields of genetic engineering, kinetics, downstream, and economic feasibility. [48] and The Brazilian Association of Chemical Industry [49] . The 2G ethanol is strategic to increase Brazil's ethanol production, and cooperative programs created by FAPESP, FINEP, and BNDES are very important to support technology and market entry. A national production started in 2014 from GranBio [55] .
Chemical
Thermal processing of biomass were the basis of the Brazilian economic growth for nearly 500 years, because the energy was, firstly, obtained from combustion of plants; in a second step, charcoal was used by metallurgic industries as reducer agent for metals in furnaces to produce alloys. Both uses caused devastation of native forests, and emission of large amounts of CO 2 to the atmosphere. This scenario was changed because thermochemical processes are contributing to generate electricity, fuels and chemicals.
Nowadays, Brazil produces nearly 330 million tons of agri-industrial residues [56] , and large part of this can be used in thermochemical processes, such pyrolysis and gasification, as presented in Table 6 .
Unfortunately, thermochemical processes are the least considered ones for a renewable chemistry context in Brazil. Difficulties related to low biomass density and development of complementary processes, as catalysts for Fisher-Tropsh, are hurdles to establish these technologies. However, they can be 
Challenges involved
As discussed before, many target-products presented here are the object of extensive literature in Organic Chemistry, Biotechnology and Chemical Engineering. However, in most of the cases there are no established processes for their industrial production; therefore, we can note the challenges for the scientific, technical and economic fields.
Scientific challenges involves creation of an academic and industrial environment suitable to the development of skilled labor, encompassing the formation of personal and qualification at a technical level, graduation, specialization, master and doctorate degrees. It demands a strategic view of the public sector and the private sector with a constant partnership between them.
Technical challenges involves the development or improvement of technologies which will allow the scale-up of processes developed in the laboratory, such as separation methods, optimization of processes, energetic efficiency, and others. Not overcoming this kind of challenge may compromise the production of a given molecule with a great market potential in its step of R&D. Thus, a well-planned R&D programme must consider technological support to make possible this laboratory scale possible to reach an industrial scale.
One of the main economic challenges is the construction of demonstration projects. In Brazil the availability of seed money and venture capital needed for high-risk businesses is still very poor, and in need of a greater stimulus from public financing agencies, in partnership with private investors. This has been partially provided by institutions such as BNDES, but more agility is needed. In addition, it is necessary to create public policies that take into account green or renewable chemistry as a government platform for investment like in the USA and Europe [59, 60] .
Finally, the ups and downs (market volatility) of the so-called green products are an important point to be considered [7] for the budget planning in R&D projects or production of renewable chemicals. Nevertheless, Table 6 Examples of green chemicals produced by thermochemical processes in Brazil; based on data from The Brazilian Center for Management and Strategic Studies [48] .
Chemical

Thermochemical route Use Status in Brazil
Bio-oil Pyrolysis Fuel R&D Bio-char Pyrolysis Carbon capture in soil, fertilizer R&D Hydrocarbons (gasoline and diesel) Gasification (CO + H 2 ) and Fisher-Tropsh Fuels R&D Methanol Gasification (CO + H 2 ) Bulk chemical R&D the market is not used to pay more for green products and it is another type of barrier to be overcome by the producers.
Final considerations
This article has aimed to show the great economic potential of biomass residues-especially the bioenergetic residues-for a Brazilian renewable chemistry by application of the biorefinery concept. This potential is greatly attributed to the development of molecules of high value, which are the case of building-blocks and intermediates of synthesis and specialties. When evaluating target-products considered as potential for other regions of the world, it is noticed that they do not always reflect the Brazilian needs. This requires the generation and application of proper information from studies performed in Brazil, to define a national scenario for technical-scientific planning, as well as measures of the real economic value.
The processes involved in the chemical, biochemical and thermochemical conversion are fundamental for an exploration of the full potential of a Brazilian renewable chemistry. However, there is an evident need to setup strong actions aiming the development of national technologies. This encompasses pre-treatments, catalysts, micro-organisms and logistics.
Scientific, technical and economic challenges must be overcome in cooperation between government and the private sector. This will enable biomass to be a viable alternative to preserve both the quality of life and the environment. Furthermore, Brazil presents a breathtaking scenario to convert itself in a strong global player in the renewable chemistry field.
